This paper discusses the results obtained by K. Fuclis concerning a binary body-centred cubic system. It points out that the method used should and does partly cover both the twophase system and the case of superstructure. It cautions also against acceptance of the quantitative conclusions obtained. When tested with the help of exact results available the method is found to contain important errors both of type and magnitude.
In an article on the same subject, K. Fuchs (1942, quoted in the following as F) has applied the cluster method of statistics to the problem of two intermingling elements sharing the same lattice. The calculation indicates th a t the cluster method has a wider range of application than other rigorous procedures, but just for this reason it is im portant to dispel some erroneous ideas which the paper tends to give to the reader.
The author remarks th at ' the critical temperature corresponding to the appear ance of superstructure is not given by these equations \ This statem ent is not correct for the temperature Tc as calculated in (7*5). This temperature is the critical tem perature for 50 % mixture; one can verify, by a simple statistical argument, th a t if the lattice can be divided into a-and /?-sites with no two a-(or /?-) sites as direct neighbours, a 50-50 mixture will have the same thermal properties if the interaction V is replaced by an interaction of equal magnitude, but opposite sign. This applies to the body-centred lattice treated in F. I t is possible to trace this symmetry partially through the calculations. I t means that for the concentration ca = the free energy A ,as defined through (3-14), must be even in V, provided the energy zero is fixed so that Ka + Jftfc + 0.
A short calculation shows th a t this means
G0(hn-Gor(U')
is even in V and hence in £ = VjkT. This can be verified directly for the of £ if the form (A. 7) is used rather than (A. 5) and the expressions (A. 10) are substi tuted into it. Below the critical temperature this tracing seems to be somewhat more difficult to carry through.
I t follows th a t the asymmetry apparent in (A. 14) has been accidentally introduced by theequationspickedforthedeterminationofTJ.. These equations are (4-3) and (7*1) both of which have (A. 13) as a consequence. Equation (4*3) may break down in the case of superstructure either because there is no phase separation a t all and Tc is an isolated singular point, or else because there are more than two phases present involving perhaps the 25 % superstructure; in this case the identification of (3*15) and (3-17) is no longer possible. Equation (7*1), on the other hand, is only one of two possibilities as was pointed out by Born and Fuchs (1938, p. 408) . The second possibility, namely th a t G(ca, /?) is singular, is unfortunately not as convenient for numerical calculations.
The positive evidence of the paper as to the nature and location of the tem perature singularities is also open to serious doubt until further corroborative evidence can be obtained. The method used is rigorous in principle, but before numerical results can be obtained the functions involved have to be replaced by their power series. Fortunately there are now some rigorous results available with which the results in F can be brought in comparison.
These results were obtained for the so-called Ising model of ferromagnetism (Kramers and Wannier 1941; quoted in the following as KW). The binary system is identical with it for all compositions below the temperature singularity and for the 50 % composition above it. In fact figure 1 in F, if cut in two and turned by 90°, just gives the spontaneous magnetization against temperature in the Ising model. No exact results are available yet for a three-dimensional case as the one treated in F, but they exist for a number of two-dimensional problems (Onsager, private communication), particularly the square net. W ith the notation used in F we get from KW, eq. (31)
In addition closed form expressions of the free energy and the specific heat as functions of temperature are now available (Onsager, private communication). The specific heat has as its dominant feature th a t it is infinite at Tc, tending to infinity in a rather symmetric manner both from higher and from lower temperatures This shows th at signs of convergence in the sequence are not trustw orthy and th a t the £ obtained by F may be as much as 25 % in error. In the case of the specific heat, the situation is even more serious. Curves of the type plotted in F, figure 2, are very commonly obtained by the use of approximate procedures (as shown in KW figure 8) without being indicative of the actual facts. Whether the singularity is of the type postulated in F is thus still an open question. The only conclusion which is certain is th at for other than 50 % composition the specific heat must remain finite because the low temperature curve is independent of composition.
